The leaves of Cleome arabica L. (Capparaceae), which contain a number of glucosylated and rhamnosylated flavonols, possess anti-inflammatory activity and are used for the treatment of abdominal and rheumatic pains. In this study, we examine the effects of C. arabica leaf extracts (CALE) treatment with naringinase on selected properties of polymorphonuclear leukocytes (PMNs). Chemotaxis of these cells was investigated in the presence of either CALE or CALE treated with naringinase. Results showed that CALE reduced the directed movement of PMNs induced by fMet-Leu-Phe in a dose-dependent manner. A previous treatment of CALE with naringinase enhanced this effect. We conclude that deglycosylation of flavonoids in CALE by naringinase improves the beneficial effect of this plant extract on PMNs. The ability of C. arabica leaf extract treated with naringinase to reduce chemotaxis in human neutrophils may be an important therapeutic factor in the treatment of chronic diseases.
Years of research have now clearly affirmed the ability of flavonoids to exhibit some pharmacological activities including beneficial effects on inflammation, cancer and cardiovascular diseases [1] . Interestingly, putative therapeutic effects of many traditional herbal medicines may be ascribed to the presence of flavonoids. The leaves of Cleome arabica L. (Capparaceae) are used as traditional medicine for treatment of abdominal and rheumatic pains. This plant extract is rich in glucosylated and rhamnosylated flavonoids [2] . Nine different flavonol glycoside derivatives of quercetin, kaempferol, and isorhamnetin, as well as cleomin have been identified in C. arabica leaf extract (CALE) [2] . Previously we demonstrated that CALE had an antiinflammatory effect by inhibiting carrageenan-induced edema and polymorphonuclear leukocytes migration [3] . CALE is known to inhibit leukotriene B 4 production in PMNs [4] . The anti-inflammatory effect of flavonoids is assumed to result mainly from the inhibition of some key enzymes involved in inflammation and/or cell signalling pathways, such as cyclooxygenase and lipoxygenase, protein kinase C (PKC) and PI3-kinase [1] . Thus, inhibition of these enzymes may prove beneficial for the treatment of inflammatory conditions. The inflammatory response consists in the increase of blood vessels permeability leading to the migration and activation of polymorphonuclear neutrophils (PMNs). The antimicrobial function of PMNs is based on their phagocytic capacity and ability to release proteolytic enzymes and reactive oxygen species, which play an important role in tissue damage during inflammation [5;6 ] .
The relation of the effect of glycosylation on the biological function of flavonoids is still not defined. Previous studies suggested that glycosylation modulates some flavonoid activities [7;8] , as well as the antiinflammatory activity of flavonoids on macrophages [9;10] .
In the present study, we report the activity of CALE treated with naringinase derived from Penicillum sp., an enzyme that has a high activity as an α-L-rhamnosidase and a low activity as a β-D-glucosidase [11] , on neutrophil chemotaxis.
In the first series of experiments, we proved whether CALE caused any cytotoxic effects on freshly isolated polymorphonuclear leukocytes. The viability test by LDH assay was carried out by incubation of the cells at 37°C for 30 min with CALE. Results showed that CALE up to 200 µg/mL did not induce any significant cellular toxicity ( Figure 1 ), suggesting that the integrity of the plasma membrane was not affected after exposure to the extract. Therefore, any effects of CALE on neutrophil functions are not due to a cytotoxic action.
Neutrophils were allowed to migrate through polycarbonate micropore filters towards either a control medium (negative control) or a medium containing a chemoattractant (positive control). In the positive control experiments, neutrophils migrated in a large number in response to the chemotactic peptide fMet-Leu-Phe (10 -7 M), while only a few cells migrated through the filter in the absence of fMet-Leu-Phe (negative control) ( Figure 2 ). CALE inhibited fMet-Leu-Phe-induced PMN migration in a concentrationdependent manner ( Figure 3 ). Treatment of CALE with naringinase enhanced this inhibition significantly (P < 0.01). At CALE concentrations of 25 and 50 µg/mL, only 53% and 42% of cells, respectively, were found in the filter, while these values were 13% and 4%, respectively, in samples treated with naringinase. A total inhibition of PMN migration was found at 75 mg/mL and higher doses for both CALE and CALE treated with naringinase.
In the present study, the plant extract of C. arabica showed an anti-inflammatory activity by inhibiting polymorphonuclear leukocytes chemotaxis in a dosedependent manner. Naringinase, an enzyme that cleaves sugar moieties, especially L-rhamnose from flavonoids, further enhanced this inhibitory effect. As both CALE and a mixture of CALE with naringinase did not exhibit cytotoxic effects, the effects of CALE and CALE treated with naringinase were apparently caused by modulation of some signalling enzyme activities in stimulated cells. C. arabica leaf extract is rich in glucosylated and rhamnosylated flavonoids [2] . Flavonoids are known to inhibit key signalling enzymes such as PKC and PI3-kinase by blocking the ATP-binding site [12;13] . PI3-kinase plays a central role in directed cell migration through reorganization of the actin cytoskeleton [14] . Some flavonols, such as luteolin and quercetin, are potent inhibitors of PKC and phospholipase C, key enzymes in cell signalling pathways [1] . A very wide range of biological actions of quercetin and its glycosylated derivatives have been reported [1; 15] . In fact, both quercetin and its metabolites, kaempferol and isorhamnetin, can inhibit at physiological concentrations the expression of key molecules involved in monocyte recruitment during the early stages of atherosclerosis [16] . Our results demonstrate also a stronger inhibition of PMN chemotaxis by CALE in the presence of naringinase, supporting the view that the flavonoid aglycones are more active than the glycosylated compounds. Apparently, the more hydrophobic aglycons can better penetrate into the ATP-binding cavity of the target enzymes.
As CALE is rich in flavonol glycosides naringinase was used to cleave the sugar moieties from the glycosides. Naringinase is an enzyme complex with a high rhamnosidase activity [17] . Therefore, it may convert flavonol glycosides of CALE to aglycones such as quercetin, kaempferol and isorhamnetin or to a cocktail of aglycones and flavonol glycosides with only glucosyl moieties, such as 3-O-glucopyranosides of quercetin, kaempferol and isorhamnetin, as this enzyme has a low β-glucosidase activity [11] . Previous studies suggested that glycosylation modulates some flavonoid activities [7, 8, 10] , and the anti-inflammatory activity of flavonoids in macrophages [9] . There is overwhelming evidence from diverse studies that flavonoid glycosides, as well as their aglycones, exhibit significant biological activities such as antitumor, apoptotic, antimicrobial, and radical-scavenging activity, as well as immunoactivity coupled with low toxicity [2;7;18] . Therefore, their use as potential therapeutic compounds against a variety of diseases is of great interest.
Experimental
Plant material: Cleome arabica leaf extract was obtained as described previously [3] .
Chemicals:
Formyl-methionyl-leucyl-phenylalanine (fMet-Leu-Phe), cytochalasin B (CB), ovalbumin, Hank's balanced salt solution (HBSS) and all other chemicals were purchased from Sigma (Taufkirchen, Germany). Naringinase was obtained from Merck Biosciences (Schwalbach, Germany).
Cell preparation:
Polymorphonuclear leukocytes were isolated from freshly heparinized (5 IU/mL) blood of healthy volunteers, as previously described [4] . Briefly, PMN isolation was carried out by centrifugation on a Ficoll-Hypaque ® gradient density after dextranenhanced sedimentation. The remaining red blood cells were eliminated by hypotonic lysis. Neutrophils were preserved in HBSS and kept on ice until use. This method yielded routinely a cell suspension containing more than 95% PMNs and viable cells, as assessed by the trypan blue exclusion test.
Lactate dehydrogenase assay:
Possible cytotoxic effects of C. arabica leaf extract on PMNs were determined by the release of cytoplasmic enzyme lactate dehydrogenase LDH (EC 1.1.1.27) [19] . Neutrophils (2.5 ×10 6 cells/mL) were incubated with the extract (25-200 µg/mL) for 30 min at 37°C. After centrifugation at 400 g for 5 min, 1.6 mM pyruvate and 0.2 mM NADH were added to 50 µL of the supernatant. LDH activity in the supernatant was measured spectrophotometrically (Shimadzu, UV-1601) at 340 nm. Enzyme release was expressed as the percentage of the maximum value, obtained after treatment of the cells with 0.2% Triton-X100.
Enzymatic hydrolysis: C. arabica leaf extract solution was first adjusted to pH 4.0 with O-phosphoric acid and then naringinase (2 mg/mL) was added and the mixture incubated at 37°C for 3 h. After hydrolysis, the pH was adjusted to 7.4, and then the sample was tested.
Neutrophil chemotaxis assay:
Neutrophil chemotaxis was assayed in a 48-well chemotaxis chamber (Neuroprobe Inc., USA) using a 5 µm pore size polycarbonate filter, according to Falk et al. [20] . PMNs (1.5 × 10 6 cells/mL), suspended in HBSS supplemented with 0.25% ovalbumin, were pre-incubated for 10 min at 37°C with various concentrations of either CALE or CALE treated with naringinase and then placed in the upper wells of the chemotaxis chamber. Cells were then allowed to migrate towards fMet-Leu-Phe (10 -7 M) present in the lower wells for 90 min at 37°C in a humidified atmosphere containing CO 2 . After incubation, the filter was removed, fixed in absolute methanol and stained. Positive (absence of test compounds) and negative controls (only medium in the lower wells) were conducted in parallel with experimental groups. Neutrophils that migrated through the filter were counted by light microscopy at 400-fold magnification in 5 random fields for each well. The average number of cell migrations in the negative control wells was subtracted as background from the number of migrating cells in the test wells, to yield the net number of neutrophils migrating per field. Results were expressed as a percentage of cell migration to Concentration, µg/ml Cell migration/field, % CALE CALE treated w ith naringinase fMet-Leu-Phe. All experiments were repeated at least 3 times.
Statistical analysis:
Results were expressed as means ± SD. Differences were considered to be statistically significant when p < 0.05.
